We present the CCD photometry, light curve and time series analysis of the clas- We interpret the first period as the orbital period of the system and attribute the orbital variations to aspect changes of the secondary irradiated by the hot WD. We suggest that the nova was a Super Soft X-ray source in 2002 and, perhaps, in 2003. The second period could be a QPO originating from the oscillation of the ionization front (due to a hot WD) below the inner Lagrange point as predicted by King (1989) or a beat frequency in the system as a result of the magnetic nature of the WD if steady accretion has already been re-established.
INTRODUCTION
Classical novae are a subset of cataclysmic variables which are interacting binary systems hosting a main-sequence secondary (sometimes a slightly evolved star) and a collapsed primary component, a white dwarf (Warner 1995 ). An outburst on the surface of the white dwarf as a result of a thermonuclear runaway in the accreted material causes the ejection of 10 −3 to 10 −7 M⊙ of material at velocities up to several thousand kilometers per second (Shara 1989; Warner 1995) . V2275 Cyg (Nova Cyg 2001 No.2 ) was discovered at a magnitude 7.0-8.8 on 2001 August 18 simultaneously by Nakamura et al. (2001) and Nakano et al. (2001) . Early optical spectroscopy showed hydrogen Balmer lines with P Cygni profiles and Hα lines indicating expansion velocities of 1700 km s −1 (Ayani 2001) . At later stages, high energy coronal lines were found to dominate the spectrum (e.g., [ Si ⋆ E-mail: solen@astroa.physics.metu.edu.tr X], [Si IX] and [Al IX]). The nova was found to belong to the "He/N" subclass of novae defined by Williams (1992) , because of the broad lines of H, He and N in its spectrum (Kiss et al. 2002) . In addition, Kiss et al. (2002) m .7±0. m 7 which were used to derive a distance of 3-8 kpc for the nova. A USNO star of R=18 m .8 and B=19 m .6 was suggested as a possible progenitor star (Schmeer et al. 2001 ).
This paper is on the CCD photometry of V2275 Cyg covering years 2002 and 2003 obtained with the 1.5 m Russian-Turkish joint telescope (RTT150) at the TUBITAK National Observatory (TUG) in Antalya, Turkey. We present the discovery of a distinct period reported by Balman et al. (2003) (which we mark as P1) and the detection of a highly coherent QPO (Quasi-periodic oscillations) on 6 different nights in 2003 (using V , R, I filters). Fast variations from V2275 Cyg similar to this second period (which we mark as P2) were also reported by Garnavich et al. (2004) derived from a data set of two nights obtained with a V filter.
OBSERVATIONS AND DATA REDUCTION
V2275 Cyg is observed during 8 nights in 2002 and 6 nights in 2003 using the standard R filters (Johnson and Cousins) at TUG (see Table 1 for a time 
ANALYSIS AND RESULTS
Using our reduced and calibrated R band data, we constructed light curves for the given nights in Table 1 . A collection of normalized light curves obtained from runs that Figure 2 shows the data obtained in the longest run (7.5 hr) on 2003 August 27. This figure, not only reveals the long period that is causing the deep modulation (which we mark as P1), but also the other sumperimposed faster variations (which we mark as P2) and humps that are observed in the system. We also accumulated data using the standard I filter on 2003 November 01 and V filter on 2003 November 02 together with the R filter observations (see Fig. 3 ). The short timescale variations (which we mark as P2) are apparent in the figure. Subtraction of a linear trend from the V and I band light curves in Fig. 3 suggests that the long period variations (i.e., P1) are larger in amplitude in the I Figure 4 . The power spectrum of V2275 Cyg, derived from the 2002 data set (8 nights), using the Scargle Algorithim. The new period is indicated as P 1 and its weak (but significant) second harmonic is also noted.
and R bands than the V band which can be expected (see Discussion).
We performed fourier analysis of the time series obtained from the data in order to derive the periods of these modulations. In general, several standard programs have been used like the Scargle Algorithim (Scargle 1982) and Discrete Fourier Analysis using Leahy normalization (Leahy et al. 1983 ). Scargle 1982) . In order to correct for the effects of windowing and sampling functions on power spectra, synthetic constant light curves are created and a few very prominent frequency peaks that appear in these light curves are prewhitened from the data in the analysis. Before calculating the power spectra, the individual or consecuitive nights are normalized by subtraction of the mean magnitude. Moreover, when necessary, the red noise in the lower frequencies is removed by detrending the data.
We found a prominent period at P1=0.31449(15) d using the whole data set. The power spectra in Fig. 4 and Fig. 5 show the highest peak at this period and the group of peaks around it are some of the ±1/3, ±1/2, ±1, and ±2 day aliases of the detected period. In Fig. 4 (2002 data) a weak second harmonic of P1 (P1/2) is present (it is significant). In Figures 6 and 7 display the mean light curves folded on P1 using the 2002 and 2003 data set, and P2 using the 2003 data set, respectively. The shape of the profiles are sinusoidal for both P1 and P2 (in 2002-2003) with a slight asymmetry. Hump-like features are apparent on both profiles, as well. The ingress in the mean light curve of P1 and P2 is shorter by 10% of the photometric phase than the egress. In adition, we have constructed color diagrams V − R, I − R, and I − V to search for color variations over the photometric phases of the periods (light curves are calibrated before the construction of the color diagrams). The right-hand panel of Fig. 8 shows the existence of a significant modulation of the color difference I − V over the photometric phase of P1. The I − R magnitudes plotted on the left-hand panel of Fig.  8 indicates color variation over the photometric phase of the second period as well. 
DISCUSSION
We presented 14 nights of data on V2275 Cyg obtained with the TUG 1.5 m telescope using mainly standard R filters in 2002 and 2003. We discover large modulations ∆mr=0.42 at P1=0.31449 (15) photometric phase of P 2 . The total lightcurve is folded on P 2 using 10 phase bins. The right-hand panel shows I − V color variation over the photometric phase of P 1 . The total lightcurve is folded on P 1 using 15 phase bins.
the I band as well. Since the periodicity is persistent and coherent, we propose that this is the binary period of the system. The orbital period can be detected as a result of the aspect variations of the secondary due to heating from the hot WD (Kovetz, Prialnik, & Shara 1988) . The decrease in the modulation depth from 2002 to 2003 and the color variations (I − V , I − R, R − V ) support a scenario where the heated secondary is the source of the light and the color variation rather than a hot spot on the disk. The Mass-Period relation M2≃0.11P hr (Warner 1995) yields a secondary mass of about 0.83 M⊙ for V2275 Cyg using the discovered binary period in this paper, which is in accordance with the fact that a massive secondary will be hot and prone to irradiation effects. In addition, the mean light curves (Fig.  6 and 7) indicate an asymmetry in the R band as would be expected from the differential rotation of the secondary spreading the heated atmosphere into a nonspherical shape (tear-drop model). An eclipse can be ruled out because the modulation amplitude would be larger in time as observed for some other novae (e.g., V838 Her: Leibowitz et al. 1992 , V1494 Aql: Kato et al. 2004 . A recent search for variations/periodicities in the light curve of faint CVs (including old novae) reveals that irradiation yields larger amplitude for modulations (Woudt & Warner 2003a,b) as detected in our study.
After a nova explosion, the hot WDs are candidates for heating their cooler companion. Some classical nova systems were recovered to show this irradiation effect like: (1) ). However, only one of such systems resemble V2275 Cyg closely: orbital modulations due to aspect variations of the heated face of the secondary was detected for Nova Cygni 1992 (V1974 Cyg) at the outburst stage (about a year and a half after outburst) by DeYoung & Schmidt (1994) before the WD cooled to a point where it was no longer a strong X-ray source. The orbital variations in V1974 Cyg were ∼0.1 in the I band and <0.05 in the V band when the H-burning had just turned-off (the WD temperature was about 3-4× 10 5 K; Balman et al. 1998) . V1974 Cyg was discovered as a Super Soft X-ray source (SSS) while burning the hydrogen over its surface (Balman et al. 1998 and references therein) consistent with the fact that most novae are expected to be a SSS at a certain point during their outburst stage (see Krautter 2002 for a review). A hot WD at a temperature above 1×10
5 K (i.e., emits mostly in the soft X-ray wavelengths) with a radiative wind can be the source of an ionization front irradiating the secondary star. Therefore, we suggest that V2275 Cyg was also a SSS during [2002] [2003] , and the radiative winds/ionization front of a SSS reaching out well into the photosphere of the secondary, can explain the observations of V2275 Cyg in 2002. The decrease of 50% in the modulation depth from 2002 to 2003 is another indication of the changing conditions in the ionization front. The strong third harmonic of P1 detected in 2003 could support the existence of several hot zones over the total surface of the secondary along with the significantly heated inner face resulting in the higher harmonics becoming prominent.
We also detected another periodicity P2=0.017079(17) d in the light curve of 2003. We suggest that this is a highly coherent QPO from the system. The power of the signal varies on different nights (independent of length of the observation together with the small changes of the periodicity which differ according to the color (i.e., filter). The characteristics of the oscillations revealed in 2003 does not strongly support a WD-spin period as the origin. The timescale and characteristics of the QPOs (∼1475 s) resemble flickering, or reprocessing from blobs orbiting within the inner regions/magnetosphere of the accretion disk in accreting CVs. It could also be the beat period between the spin period and the orbital period of the system (P1). However, since the nova is still in its early outburst stage during the TUG observations, it is not clear whether the disk is completely disrupted, or if re-established, the accretion is steady, sporadic or unstable. For example, the existence of an accretion disk was revealed in V1974 Cyg two years after the outburst (Retter et. al 1997) which was long after the discovery of the variations due to irradiation of the secondary.
There have been recent detections of oscillations in classical nova systems of about 2500 s (V1494 Aql: Drake et al. 2003 ) and ∼ 1300 s (V4743 Sgr: Ness et al. 2003) in the X-ray wavelengths. These oscillations are attributed to expected WD pulsations (i.e., nonradial nonadiabatic modes) from the ∼1.5× 10 5 K and L∼2000L⊙, hot WDs (Starrfield et al. 1985) . The P2 detected in V2275 Cyg is similar to these in timescale. However, it is expected that the higher luminosity (a factor of 10) and the temperature (a factor of 4-5) of the WDs, as the H is burned over the surface, should decrease the pulsational timescale (Starrfield et al. 1985) , which makes this scenario unfavorable for V2275 Cyg. In addition, the 2002 data set should have revealed the same oscillations, if they were solely due to WD pulsations.
A more plausible explanation for the origin of P2 is, yet again, the effect of an ionization front (IF) resulting from an alleged SSS phase and the radiative winds of the WD in the outburst stage. If the IF reaches well into the photosphere of the secondary, favorable conditions could result in ionization over the face of the secondary (IF penetrates photosphere) resulting in "boiling off" (may be "ripping off") material from a dense static/neutral medium which could be the case in 2002. If IF does not reach as far as the photosphere, it could still reach out below the inner Lagrangian point (L1 : a sonic point) where conditions can not be steady and the IF then oscillates on a timescale of the order of the dynamical timescale of the secondary near L1 which could result in QPOs as suggested by King (1989) . This oscillation time scale is proportional to tqpo≃H/cs (scaleheight/soundspeed) which is equivalent to tqpo≃(R 3 /GM) 1/2 ≃176 P hr . Given the orbital period derived in this paper (P1), the predicted oscillation period of L1 is similar to P2 (assuming the size R of the secondary will be larger on the equatorial plane). By late 2003 the IF could be withdrawn toward the WD irradiating only the inner Lagrangian point (L1) which yields the QPOs.
CONCLUSIONS
We detected two periodicities in the light curve of the classical nova V2275 Cygni (2001) . The first one is 0.31449(15) d which we attribute to the orbital period of the binary system. The modulation depth of the mean light curve folded on this period indicates a change from 0 m .42±0 m .06 to 0. m 22±0. m 12 over the course of one year. We propose that these variations are due to the illumination of the secondary by the hot WD where the aspect variations of the heated/irradiated secondary reveals the binary period of the system. The reduction in the modulation depths indicates the changing conditions in the ionization front at the location of the secondary. This highly ionizing radiation could originate from a hot WD which went through a Super Soft X-ray phase while burning H on its surface. We also detect a second period 0.017079(17) d in the year 2003 which we interpret as a QPO from our data in [2002] [2003] . For the origin of this period we propose either a magnetic cataclysmic variable scenario (e.g, the interaction of blobs with the magnetosphere) or a scenario where the QPOs are a result of oscillations of the inner lagrangian point (L1) due to irradiation from a cooling hot WD. Both scenarios indicate that some form of accretion is being established in the nova system after the outburst. Our preliminary analysis reveal that both periods exist in 2004 data and the modulation depth of the first period is further reduced. The photometric observations of V2275 Cyg in 2004 (still conducted at TUG) should reveal the changing shape and depth of the orbital modulations and QPOs which will, inturn, portray the evolution of the WD itself.
